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Abstract: designing products that encourage attachment with the user helps to postpone product 
replacement. Emotional Durability Design Nine (EDDN) is a framework to think about attachment during 
the product design process. It is composed of 38 attachment strategies classified in 9 themes: 
relationships, narratives, identity, imagination, conversations, consciousness, integrity, materiality and 
evolvability. The objective of this work is to explore how many of the strategies compiled at EDDN are 
considered in methods and tools that assess environmental aspects or circularity in conceptual designs. 
To address this, all the parameters of eleven tools are compared against the 38 strategies. As a result, 
50 attachment factors have been identified in these methods. Ecodesign Pilot has the biggest number 
of attachment factors, 12, followed by CE Designer with 8 and Circular Design Tool with 7. “Ensuring 
quality, durability and reliability” and “design for variability and modularity” are the most frequent 
strategies. CE Designer, Circular Design Tool, Ecodesign Pilot and Fast Five Philips include attachment 
as an overall parameter concerning the relationship with the user. Even though almost all the methods 
and tools analysed consider attachment, there are many product attachment strategies lacking, in 
particular those for the categories of narratives, imagination, conversations, consciousness and 
materiality. Conceptual designs with many attachment features could be rated in the four tools that 
consider attachment as an overall parameter. But with the other methods and tools, those designs 
would be underrated. These findings help designers to choose a tool to compare design concepts when 
attachment is a key factor. 
 
Introduction  
One of the basic principles of the Circular 
Economy (CE) is to keep products in use as 
long as possible. Different design approaches 
can be employed to extend usage time, some 
of which depends ultimately on the user, like 
product attachment. Product attachment is the 
strength of the emotional bond that a consumer 
experiences with a product. Fostering this 
relationship can lead to lengthening the lifespan 
of many durable consumer products 
(Schifferstein and Zwartkruis-Pelgrim, 2008). 
Attachment is determined by multiple themes, 
many of which are circumstantial to consumers’ 
experiences and therefore difficult for designers 
to control (Page, 2014). Attachment is 
especially difficult to accomplish in most of the 
ordinary products (Mugge, 2007).   
Emotional Durability Design Nine (EDDN) is a 
framework to think about attachment during the 
product design process (Haines-Gadd et al., 
2018). It consists of 38 attachment strategies 
classified in 9 themes. Relationships (1) stands 
for building emotionally rich relationships and 
engaging between products and users. 
Narratives (2) consists in building and capturing 
narratives that exist between products and 
users. Identity (3) makes the identity of the 
product and the user coexist. Imagination (4) 
stands for building imagination, delight, intrigue. 
Conversations (5) consists in creating 
conversations between products and users. 
Consciousness (6) leads to achieving a sense 
of consciousness within the product interaction. 
Integrity (7) builds the physical and the 
emotional quality into the product, since 
durability and reliability are necessary for 
attachment. Materiality (8) is about how 
material properties develop and change over 
time. Last, evolvability (9) stands for making the 
product evolve with the user and includes 
design for variability and modularity, since 
combined with other factors leads to 
attachment. Each category is comprised of four 
or five strategies. As an example, for the 
evolvability category, there are four strategies: 
(9.1) design for variability and modularity; (9.2) 
design for multiple lifetimes; (9.3) show 
progression and (9.4) how can it transform? 
EDDN integrates emotional aspects already 
identified in various works, such as (Mugge, 
2007) and (Mugge et al., 2005) together with 
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technical aspects, such as durability and 
reliability, since these are usually considered 
necessary, although not sufficient to achieve 
attachment. It is common to find these more 
technical aspects grouped under other 
strategies of long-lasting products differentiated 
from the relationship between user and product. 
There are tools and methods to assess 
circularity or environmental issues in 
conceptual designs, but it is not clear how far 
they consider attachment strategies. CE 
Designer is a qualitative tool which allows an 
easy integration of circularity strategies in the 
product and service development process (CE 
Designer, 2019). Circular Economy Toolkit 
supports companies in the transition to a 
circular economy. It helps them to create value, 
reducing materials usage, designing for a 
longer product life while being resource 
efficient, and identifying opportunities for the 
product through its lifecycle. (Evans and 
Bocken, 2014). Circular Design Tool helps 
product designers to avoid uncertainty of which 
design concepts meets circular economy 
aspects (Moreno et al., 2017). DFE Matrix helps 
to establish high priority environmental, health 
and safety criteria. These criteria are then used 
from product conception, through prototype and 
manufacturing (Johnson and Gay, 1995). In 
Eco Concept Spiderweb a qualitative 
evaluation of eight overarching criteria is made 
providing an environmental profile for each 
solution (Tischner et al., 2000). EcoDesign 
Checklist is a checklist of questions that 
provides support for the analysis of a product’s 
impact on the environment (Tischner et al., 
2000). Ecodesign PILOT supports the decision-
making process in product design and 
contributes to findind appropriate ecodesign 
measures to improve the environmental 
properties of a given product (Wimmer and 
Züst, 1999). Fast Five Phillips is used to judge 
and compare different product concepts 
towards a reference product. Five criteria are 
chosen: energy, recyclability, hazardous waste 
content, durability/ reparability/preciousness, 
alternative ways to provide service (Meinders, 
1997). LiDS Wheel gives an overview of the 
environmental improvement potential to the 
designer. Eight environmental improvement 
strategies are utilized in the tool: selection of 
low-impact materials, reduction of material 
usage, optimization of production techniques, 
optimisation of distribution system, reduction of 
impact during use, optimization of initial lifetime, 
optimization of end-of-life system and new 
concept development (Brezet and van Hemel, 
1997). Product Design Framework spider map 
is a framework to aid designing products for a 
circular economy that can be used in the first 
phases of the design process. It consists of a 
spider map with 5 aspects related to circularity: 
future proofing (timeless design), disassembly, 
maintenance, "remaking" (life extension) and 
recycling. For each category there is a scale 
from minimum to maximum compliance divided 
into 4 positions (Van der Berg and Bakker, 
2015). Finally, Ten Golden Rules helps product 
designers integrate environmental demands 
into the product development process (Luttropp 
and Lagerstedt, 2006). 
The objective of this work is to explore how 
many of the product attachment factors 
compiled at EDDN are considered in the eleven 
methods and tools that assess environmental 
aspects or circularity in conceptual designs.  
 
Methodology 
To address this, all the parameters of the 
eleven tools are compared against the 38 
attachment strategies.  
Table 1 shows the parameters included in those 
tools/methods that are related to product 
attachment. Each item related somehow with 
any of the attachment categories and strategies 
by Haines-Gadd et al. (2018) is identified as an 
attachment factor. In some tools/methods, the 
parameters are more general and group 
together aspects of attachment with aspects of 
lengthening the time of use. This is the case of 
the “Product Design Framework Spider map” 
tool, which has an axis called Future proof that 
puts together if the product is timeless design, 
adaptable, durable and roadmap fit. In these 
cases, as many attachment factors have been 
counted as different aspects are contained in 
the parameter, adding more rows to the 
analysis in Table 1.  
Two parameters have been found in some of 
these tools that are not part of the 38 included 
in EDDN but are related to attachment. One is 
timeless design, also stated as classic design, 
included in CE Designer, Ecodesign PILOT, 
Lids Wheel, Product Design Framework Spider 
map and Circular Design Tool. The other factor 
is simply to use products, that has to do with the 
relations category and is included in CE 
Designer, Ecodesign PILOT Circular Design 
Tool and EcoDesign Checklist. These two 
factors are pointed out in the analysis as “A 
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Method/tool Attachment factor included 
EDDN related 
category 





Product failures 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Product has a very long lifetime 
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Simple working easy to understand 
1. Relations 
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Easy to find fault 
7. Integrity 





Strong product-user relation  Not specified 
Timeless and customized design  
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Timeless and customized design 3. Identity 
3.1 Think customization or 
personalization 
Durable and wear resistant 
materials and components 
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Aesthetics and/or technical 
upgradeability 
9. Evolvability 
9.1 Design for variability and 
modularity 
Reliability 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Use of modular solutions 9. Evolvability 
9.1 Design for variability and 
modularity 
User-friendliness. 1. Relations 
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Circular Design 
Tool (Moreno et 
al., 2017) 
Assure reliability (quality)  7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Allow upgradability and flexibility to 
adapt 
9. Evolvability 
9.1 Design for variability and 
modularity 
Customise to wants and needs of 
each person 
3. Identity 
3.1 Think customisation or 
personalisation 
Enhance durability (avoid built-in 
obsolescence)  
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Develop attachment/loyalty 
(experience, meaningful design)  
 Not specified 
Based on long-lasting trends, no 
ephemeral fashion (timeless 
aesthetics)  
 
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Implement poka-yoke principles to 
ease use  
 
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Product Design 
Framework 
Spider map (Van 
der Berg and 
Bakker, 2015) 
Future proof (timeless 
design/adaptable/durable/roadmap 
fit) 
 A different strategy (not included in 
Haines-Gadd et al. (2018)) 




7.5 Ensure quality, durability, or 
reliability 




9.1 Design for variability and 
modularity 
Lids Wheel 
(Brezet and van 
Hemel, 1997) 
Classic design  
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
User taking care of product 1. Relations 
1.2 User can, fix or maintain the 
product 
Reliability and durability 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Modular product structure 9. Evolvability 




Longevity 7. Integrity 
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Promote repair and upgrading, 
especially for system-dependent 
products. (e.g. cell phones,) 
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Promote repair and upgrading, 
especially for system-dependent 
products. (e.g. cell phones,) 
9. Evolvability 
9.1 Design for variability and 
modularity 
Invest in better materials, surface 
treatments or structural 
arrangements to protect products 
from dirt, corrosion and wear, 
thereby ensuring reduced 
maintenance and longer product 
life. 
7. Integrity 





Design product for easy handling 1. Relations 
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Design product for optimal 
adaptability to different users 
9. Evolvability 
9.1 Design for variability and 
modularity 
Ensure high reliability of product 7. Integrity 
7.4 Use time or eco-appropriate 
materials 
 Realize a timeless product design  
A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Ensure high appreciation of the 
product 
 Not specified 
Design product for long service life 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Realize a sturdy product design 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Ensure surfaces are user friendly 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Ensure corrosion resistance 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Harmonize service life of individual 
components 
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Design product for possible 
upgrading   
9. Evolvability 
9.1 Design for variability and 
modularity 
Design product for adjustment and 
adaptation at use stage 
9. Evolvability 
9.1 Design for variability and 
modularity 
Fast Five Philips 
Awareness 
(Meinders, 1997)  
Durability 7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Encourage long use.  Not specified 
EcoDesign 
Checklist 
(Tischner et al., 
2000) 
Product readily understandable for 
users? 
 A different strategy (not included in 
Haines-Gadd et al. (2018)) 
Combinability, adaptability? 9. Evolvability 
9.1 Design for variability and 
modularity 
Robustness, reliability, not 
susceptible to wear? 
7. Integrity 
7.5 Ensure quality, durability, or 
reliability 
Dirt-repellent, easy to clean? 7. Integrity 





Is the product or component easily 
disassembled for upgrade? 
9. Evolvability 
9.1 Design for variability and 
modularity 
 
Upgraded rather than replaced 
entirely 
9. Evolvability 
9.1 Design for variability and 
modularity 
(*) it provides a summary of many of the guidelines. These guidelines are generic and must be customized to be 
directly useful in product development.  
Table 1. EDDN attachment categories and strategies found in tools and methods to assess environmental 
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Results  
As a result, 50 attachment factors have been 
identified in these methods. All the tools include 
at least one parameter related to attachment. 
Ecodesign PILOT has the biggest number of 
attachment factors, 12, followed by CE 
Designer with 8 and Circular Design Tool with 7 
(Figure 1). Two tools, CE Designer and Circular 
Design Tool, consider identity, with a parameter 
about product customization (strategy 3.1). 
Integrity is the category with more parameters 
in the analysed tools and methods. And 
“ensuring quality, durability and reliability (7.5)” 
is the most frequent strategy in this category 
(Figures 1 and 2). The parameters found 
related to this strategy refer to product failures, 
durability and reliability, as well as robustness 
and strength. The next most present category 
is evolvability, through the strategy “design for 
variability and modularity, (9.1)”. Of the 8 
tools/methods that include this strategy, two, 
(CE Designer and Leeds Wheel) refer to 
modular product structure. The rest make 
explicit mention of design for variability or 
adaptability to different needs, improvements, 
and updates.  
Two out of three attachment strategies found 
pertain to the integrity or evolvability categories 
(Figure 2).  
As for the factors related to attachment not 
included in the 38 strategies, design with a 
timeless aesthetic comprises the 10% of the 
factors identified; whereas easy to understand 
or use is another 10%. Attachment has also 
been considered as a global parameter related 
to a strong and lasting relationship with the 
user, without specifying (8% of the total 
parameters). CE Designer, Circular Design 
Tool, Ecodesign Pilot and Fast Five Philips 
mention it in terms of "strong product-user 
relationship", "fostering attachment", etc."  
These tools also consider other factors related 
to attachment (Table 1).  So, by including this 
overall factor, they provide designers the 
opportunity to assess any other aspect that 
encourages product attachment not included in 
the other specific factors. Last, identity and 
relations represent, respectively, the 4% and 
the 2% of the attachment factors identified in 
the tools. 
Only 5 out of the 38 strategies have been 
identified in the eleven tools and methods. 
Moreover, strategies have only been found for 
4 of the 9 categories of attachment. So, there 
are many product attachment strategies 
lacking, those for the categories of narratives, 




Product attachment strategies related to the 
EDDN categories of narratives, imagination, 
conversations, consciousness, and materiality 
are not included. For the four categories that 
have been found (integrity, identity, 
relationships and evolvability), only some 
strategies are considered in the analysed tools 
and methods. 
The tools with the highest number of 
attachment factors are Ecodesign Pilot, with 12, 
followed by CE Designer with 8 and Circular 
Design Tool with 7.  
Consequently, many attachment aspects could 
be overlooked when applying these tools and 
methods. In any case, those conceptual 
designs with many attachment features 
embedded, could receive a high score in the 
Figure 1. Product attachment strategies included in tools and methods to assess environmental aspects 
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four tools that consider attachment as an 
overall parameter: CE Designer, Circular 
Design Tool, Ecodesign PILOT and Fast Five 
Phillips. However, this assessment will depend 
on the knowledge of designers about product 
attachment.  
These findings help designers to choose a tool 
to compare design concepts when attachment 
is a key factor. The results also point to which 
attachment strategies could be included in 
extended versions of these tools. 
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